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COMPLETE SPECIFICATION 



Improvements in or relating to Nicotinic Acid Derivatives 



We, Fujisawa Pharmaceutical Co., Ltd., 
a Japanese Body Corporate, of 3, Doshomachi 
4-Chome, Osaka, Japan, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particularly 
described in and by the following state- 
ment: — 

This invention relates to new and useful 
nicotinic acid derivatives, and more particu- 
larly to tri- or tetra-nicotinic acid esters of 
glucuronic acid derivatives and to a process 
for their preparation. 

Nicotinic acid is known to possess an anti- 
pellagra action as a vitamin. It is also effec- 
tive in dilating the peripheral vascular bed, 
in lowering cholesterol blood levels and in 
enhancing fibrinolytic activity, and accord- 
ingly nicotinic acid has been used for the 
treatment of diseases due to disturbances of 
peripheral circulation, arteriosclerosis, etc. 



However, these conditions have a tendency to 
become chronic, requiring long-term therapy 
with nicotinic acid. In addition, the action of 
nicotinic acid is only transient, and frequently 
causes such side effects as facial flush, and 
formication (skin irritation). 

It has also been recognised that D-ghicuronic 
acid and its lactone (glucurone) have beneficial 
effect in rheumatoid arthritis, fibrositis, and 
neuritis. 

It is an object of this invention to provide 
agents which are effective for the treatment 
of diseases due to disorders of e.g. peripheral 
circulation, and arteriosclerosis. 

It is another object to provide such agents 
which do not share the disadvantages of nico- 
tinic acid. 

The compounds of this invention are nico- 
tinic acid esters of a lactone ester or amide 
of glucuronic acid and possess one of the 
following two structural formulae: — 
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wherein R represents an alkoxy radical or an 
amino radical. 

The compounds of this invention may be 
prepared by reacting glucuronic acid, an in- 
organic or ammonium salt thereof, glucurono- 
lactone, an alkyl ester of glucuronic acid or 
glucuronamide with nicotinic acid or a func- 
tional derivative thereof. 

{Price 4s. 6d.] 



Functional derivatives of nicotinic acid 
which may be used in this invention are those 
derivatives which will acylate the hydroxy 
radicals of the other reactant, such as nico- 55 
tinoyl halides, nicotinic anhydride and a mixed 
anhydride of nicotinic acid with various kinds 
of organic or inorganic acids. 

As mentioned above, the derivatives of 
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glucuronic acid to be used as the starting 
materials in this invention are glucurono- 
lactone, alkyl esters of glucuronic acid, pre- 
ferably lower alkyl esters, glucuronamide and 
salts of glucuronic acid with, for example, 
alkali metals, alkaline earth metals, and am- 
monia. In the reaction of this invention all of 
the free hydroxy radicals of glucuronic acid 
or its derivatives are esterified with nicotinic 
acid or its reactive derivatives. 

It is generally believed that the naturally 
occurring glucuronic acid has the following 
structure which is a six membered lactonol 
ring connecting the positions 1 and 5; 



HC-OH 
HC—OH 
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and glucuronic acid and its salts readily 
undergo rearrangement in solution to form 
glucuronolactone which has two five membered 
lactonol ring as follows: 
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Accordingly, when using glucuronolactone, 
glucuronic acid or its salt as the starting 
material, glucuronolactone 1,2,5-trinicotinate 
will be obtained. When using glucuronic acid 

25 ester or glucuronamide^ a tetranicotinate of 
the starting material will be obtained. When 
using an acid halide or an acid anhydride as 
the functional derivative of nicotinic acid, the 
reaction is preferably carried out in the pre- 

30 sence of a base such as alkali metal carbonate, 
alkali metal bicarbonate, trimethylamine, tri- 
ethylamine, dimethyiaminoacetamide, dimethyl- 
formamide, dimethylaniline, or pyridine. 
When using the free acid, it is advantageous 

35 to carry out the reaction in the presence of a 
condensing agent such as boron fluoride, N,N*- 
carbonyl-diimidazole, NjN 1 - carbonyldi - (2- 
methyl)-imidazole and p-toluene sulphonic 
acid. 

40 The reaction is usually carried out in a 
solvent, a few examples being aromatic hydro- 
carbons such as benzene, toluene, and xylene, 
or inert solvents such as dioxane. When using 
a base which is a liquid, this can also serve 

45 as the solvent. A suitable solvent should be 
selected with due consideration of the reaction 
conditions including the desired reaction tem- 



perature. The reaction may be carried out at 
various temperatures, without any particular 
limitation. 

If desired, the compounds obtained in 
accordance with this invention may be con- 
verted to their acid addition salts by well- 
known methods. Preferred examples of suitable 
acids are hydrochloric acid, sulphuric acid and 
picric acid. 

The compounds of this invention are useful 
in the treatment of diseases due to disturbances 
of peripheral circulation and arteriosclerosis, 
and are superior to nicotinic acid in their 
absorbability and long-lasting activity as well 
as in lesser manifestation of side effects. 

This invention includes within its scope 
pharmaceutical compositions which comprise 
one or more of the compounds of this inven- 
tion together with a pharmaceutically-accept- 
able non-toxic liquid, solid or pasty carrier. 

Solid compositions for oral administration 
include tablets, pills, dispersible powder and 
granules. In such solid compositions one or 
more of the active compounds are admixed 
with one inert diluent, such as potato starch, 
lactose or calcium carbonate, and further 
additional substances, e.g. lubricating sub- 
stances may be added. Liquid compositions 
for oral administration include pharmaceutic- 
ally acceptable solutions, and suspensions, con- 
taining inert diluents commonly used in the 
art. The compositions for oral administration 
also include capsules of absorbable material 
such as gelatin containing one or more of the 
active compounds with or without the addition 
of diluents or excipients. 

The following examples are given for the 
purpose of illustrating *the invention and the 
manner in which it may be carried into 
effect: — 

Example 1 

The mixture of 4.4 g of nicotinic acid and 
4.5 g of thionyl chloride in 20 cc of toluene 
is heated in the presence of 0,26 g. of dimethyl- 
formamide under reflux for 2 hours to prepare 
a toluene solution of nicotinoyl chloride. Pre- 
cautions are taken to exclude Water from this 
solution, which is cooled to 0°C, and to which 
is added 1.76 g. of D-glucofuranurono-6,3- 
lactone in 10 cc. of pyridine while stirring 
and the mixture is stirred at 0° — 50°C for 4 
hours. To the reaction mixture is added 100 
cc of chloroform and the mixture is washed 
with water and then, after drying, decolour- 
ised. The solvent is distilled off to obtain 4.0 
g. of a brown oily substance. 

This substance is dissolved in 40 cc of 
chloroform and to this solution is added about 
1.5 cc of e±er and the resultant mixture is 
allowed to stand to yield 1.9 g of D-gluco- 
furanurono-6,3-lactone 1,2,5-trinicotinate as 
white crystals having m.p. (dec), 171 — 172°C. 
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Analysis: Calculated for 0> 4 H l7 0 9 N 3 

C 58.66, H 3.49, N 8.55 
Found C 58.46, H 3.62, N 8.50. 



This substance is dissolved in methanol and 
allowed to react with a methanol solution of 
picric acid to obtain the picrate having m.p. 



!45— 152°C and Ultra-Violet Absorption 
Spectrum ^^? anol 360 mji (« 42.500). 



Analysis: Calculated for C 4 *H Se 0t.N M 

C 42.80, H 2.22, N 14.26 
Found C 42.79, H 2.71, N 14.03. 



Example 2 
To 9.1 g of nicotinic anhydride in 50 cc. of 
pyridine, which is cooled to 0°C, is added 

15 0.85 g. of D-glucofuranurono-6^-laaone in 20 
cc of pyridine while taking precautions to ex- 
clude water, and the mixture is stirred at 5 — 
15 °C for 7 hours. The reaction mixture is 
allowed to stand overnight in a cold place 

20 and filtered. The residue is washed with chloro- 
form. The filtrate and the washings are com- 
bined, washed with water and then decolour- 
ised after drying. The solvent is distilled off 
to produce 1.9 g. of a brown oily precipitate, 

25 which is recrystallised from a mixture of 
chloroform and ether to yield 0.8 g of D- 
glucofuranurono-6,3-lactone 1,2,5-trimcotmate 
having m.p. (dec), 175— 176°C, which shows 
no depression of melting point on admixture 

30 with the product of Example 1. 



Example 3 
A mixture of 738 g. of nicotinic acid and 
7.4 g. of thionyl chloride in 80 cc of toluene 
is heated in the presence of 4 cc of dimethyl- 
formamide under reflux for 3 hours to prepare 35 
a solution of nicotinoyl chloride. To this cool 
solution are added 30 cc. of pyridine and then 
2.0 g of sodium gflucopyranuronate, and the 
mixture stirred at 40°C for 3 hours. The 
reaction mixture is washed with water, dried 40 
and then decolourised, after which the solvent 
is distilled under reduced pressure. The resi- 
due is recrystallized from a mixture of chloro- 
form and ether to obtain 1.0 g. of gluoco- 
furanurono-6,3-lactone 1,2,5-trinicotinate hav- 45 
mg m.p. (dec.) 174— 175°C. 



Analysis: Calculated 
C 

Found C 



50 Example 4 

A mixture of 1.5 g of sodium gluco- 
pyranuronate and 7.5 g of nicotinic anhydride 
in 50 cc of pyridine is stirred at 40°C for 4 
hours. After allowing to stand overnight, the 
55 precipitated nicotinic add is removed from the 
reaction mixture by filtration and the residue 
is washed with ethyl acetate. The filtrate and 
the washings are combined and, after drying, 
the solvent is distilled off under reduced pres- 
et) sure. The remaining orange-yellow gummy 
substance is dissolved in chloroform and de- 
colourised, after which ether is added to this 
solution and 1.2 g of glucofuranurono-6,3- 
lactone 1,2,5-trinicotimte having m.p. (dec.) 
65 171— 175°C is crystallised from the chloro- 
form/ether solution. 



for Q^H^N, 
58.66, H 3.49, N 8.55 
58.22, H 3.73, N 8.13. 



Example 5 
A mixture of 6.7 g of nicotinic acid and 
6.7 g of thionyl chloride in 30 cc of toluene 
is heated under reflux to obtain a solution 70 
of nicotinoyl chloride. To this solution are 
added 2.4 g. of barium glucopyranuronate and 
30 cc of pyridine, and the mixture stirred at 
0°C for 5 hours and at room temperature for 
a further hour. The reaction mixture is filtered 75 
and the residue washed with chloroform. The 
filtrate and the washings are combined, washed 
with water, dried, and then decolourised, after 
which the solvent is distilled off under reduced 
pressure and the residue is dissolved in chloro- 80 
form. To this solution is added ether and 
glucofuranurono-6,3-lactone 1,2,5-trinicotinate 
having m.p. (dec), 174 — 175°C 



85 



Analysis: Calculated for C 24 H l7 0 9 N 3 .l/2H.O 
C 57.60, H 3.63, N 8.40 
Found C 57.42, H 3.63, N 8.17. 
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Example 6 
To 6,8 g of nicotinic anhydride in 40 cc of 
pyridine is added 0.95 g of methyl D-gluco- 
pyranuronate and the mixture stirred at 10 — 
15°C for 3 hours with exclusion of moisture. 
The reaction mixture is filtered and the residue 
is washed with chloroform. The filtrate and 
the washings are joined, washed, dried, and 
then decolourised, after which the solvent is 
distilled off. The residue is dissolved in chloro- 
form and an insoluble substance is separated. 
The solvent is distilled off under reduced 
pressure to yield 1.8 g of methyl D-gluco- 



pyranuronate 1,2^,4-tetranicotinate as a 
gummy substance. 15 

Ultra-Violet Absorption Spectrum: 



methanol 



264 ma ( e 9500) 



To this substance dissolved in methanol is 
added a methanol solution of picric acid to 
prepare the picrate, which is recrystallised 
from methanol to obtain crystals having m.p. 
125— 128°C. 



To 5.7 g of nicotinic anhydride in 30 cc of 
pyridine is added 1.0 g. of D-glucopyranuron- 
amide and the mixture stirred at 10 — 20°C 
for 6 hours with exclusion of moisture. After 
allowing it to stand overnight, the reaction 
mixture is filtered and the residue washed with 
chloroform. The filtrate and the washings are 
joined, washed with a 10% aqueous sodium 
carbonate several times, then with water and 
dried. The solvent is distilled off under re- 



Analysis: Calculated for Q 5 H 3n 0 3 ,N lr> 

C 42.75, H 2.54, N 14.57. 
Found C 42.48, H 2.82, N 14.28. 

Ultra-Violet Absorption Spectrum: 
x methanol 361 my (e 5%QQ0) 



Example 7 



duced pressure to yield 1.3 g. of a brown 
gummy substance, which is dissolved in 40 cc 
of chloroform, decolourised, and then evapor- 
ated to about 1/3 the volume. To this solution 
is added ether and the mixture allowed to 
stand, with the result that 1.1 g of D-gluco- 
pyranuronamide 1,2,3,4-tetranicotinate as a 
pale yellow fine powder (hygroscopic) having 
m.p. (dec) 116— 120°C is crystallised from 
the mixture. 
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Analysis: Calculated for C 30 R Zs O ln l^ 5 . HoO 
G 57.05, H 3.99, N 11.09 
Found C 56.94, H 4.17, N 11.29. 

Ultra-Violet Absorption Spectrum: 
A 22 Cthano1 264 m« ( e 11,167) 

[ D ] 20 = t 4-78.6 (C=l.l%, 95% ethanol). 
Infrared Absorption Spectrum: ("Nujol" mull) cm- 1 ; "NujoP is a registered trade mark. 

3300 broad (r^plus y gPJpO % Q 

Y c5> 1735 ^ 7 cfio 1690 > 7 c=o 1270 3X1(1 11053 

m pyridine nucleus 1595j sg^dine 740 and 700. 



Example 8 

60 A mixture of 4.6 g of nicotinic acid and 
4.6 g of thionyl chloride is heated in 50 cc of 
toluene and 3 cc of dimethylformamide under 
reflux for 2 hours to prepare a solution of 
nicotinyl chloride. This solution is cooled at 

65 0°C, added dropwise to 1.0 g of glucopyran- 
uronamide in 50 cc of pyridine and 15 cc of 
dimethylformamide, with exclusion of moisture, 



and then stirred at 15°C for 2 hours. After 
allowing to stand overnight, the reaction mix- 
ture is filtered and the residue is washed with 70 
chloroform. The filtrate and the washings are 
joined, poured into water and the organic sol- 
vent layer is separated. The water layer is 
washed with chloroform and the washings 
added to the organic solvent layer. After wash- 75 
ing with water and drying, the solvent is dis- 
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tilled off to yield 1.4 g of a brown gummy 
substance, which is dissolved in ethyl acetate 
and insoluble material is removed. To this 
solution is added ether and the resultant pre- 
cipitate, which is collected by filtration, is 
dissolved in chloroform and decolourised. 
Ether is added to the solution and D-gluco- 
pyramironamide 1,2,3,4 - tetranicotinate is 
crystallised from the chloroform/ether solu- 
tion as a pale yellow fine powder (hygroscopic} 
having m.p. 109— 122°C. 

By means of Infrared spectroscopy, this is 
identified as the same substance as the sample 
obtained by Example 7 

WHAT WE CLAIM' IS: — 

1. A process for the production of a 
nicotinic ester of a lactone ester or amide of 
glucuronic acid which comprises reacting nico- 
tinic acid or a functional derivative thereof 
with glucuronic acid, an inorganic or am- 
monium salt thereof, ghicuronolactone, an alkyl 
ester of glucuronic acid or glucuronamide. 

2. A process according to claim 1 wherein 
the functional derivative of nicotinic acid is 
nicotinic anhydride or a nicotinyl halide and 
the reaction is carried out in the presence of 
a base. 

3. A process according to claim 2 wherein 
the base is an alkyl metal carbonate, an alkali 
metal bicarbonate, trimethylamine, triethyl- 
amine, dimethylaminoacetamide, dimethyl- 
formamide, dimethylaniline or pyridine. 

4. D - glucofuranurono - 6,3-lactone - 1,2,5- 
tnnicotinate having the formula: 



HCO—CO- 



-CH 



HC- 



I HCO- 
1 CO 



and acid addition salts thereof. 

5. A nicotinic acid ester of a lactone ester 
or amide of glucuronic acid having the 
formula : 



H j°~ co ^€3 



;o— och 



Hco-co-^_y 

HC- 
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COR 



wherein R represents an amino radical or an 
alkoxy radical, and acid addition salts thereof. 

6. Methyl D - glucopyranuronate - 1,2,3,4- 
tetranicotinate and acid addition salts thereof. 

7. D - glucopyranuronamide - 1,2,3,4 - tetra- 
nicotinate and acid addition salts thereof. 

8. A pharmaceutical composition compris- 
ing, as the active ingredient, a nicotinic acid 
ester of a lactone ester or amide of glucuronic 
acid as claimed in any of claims 4 to 7 and 
a non-toxic, pharmaceuticalry acceptable 
carrier. 

9. The process for the production of a 
nicotinic acid ester of a lactone ester or amide 
of glucuronic acid substantially as described 
with reference to any of Examples 1 to 8. 



STEVENS, LANGNER, PARRY & 
ROXXJNSON, 
Chartered Patent Agents, 
Agents for the Applicants. 
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